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© Programmable burst apparatus and technique. 

© a data process system^ ap^ "gEEi TZSXSZl 
a memory. A ^^^^T^T^Z^T^ the maximum number of data transfers 
burst count register having a valuej JV«*imn latch/counter having stored therein a value 
atowed per burst Ato> -n * ( ^ < £^\3Lmt is capable of incrementing the address, 
representafive a ^J^J^^lT^^. mask for specifying bits in me column 
finallv nciuded in the memory comrouw w « h**^ „ t ^^ 
ScouSTbe compared to corresponding bits in the burst count register. 
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PROGRAMMABLE BURST APPARATUS AND TECHNIQUE 



burst access technique in wmeh the size ot mo duto k-^ 

not monitor the number of transfers ofdtfap J ^ processors to memories has been 

In data processing systems, the transfer o ™ ^ ^ , this technique, an mitial 

fadHtated to recent years with a ^^^SSlL SSJsequentia.ly for the purpose of 
address is specified and the system access conserve \ and a memory, is 

Sff - — * e to ***** ™ 

in «» burst mode. After that the J^jSJES Hurst mode transfers. The proctor is 
m certain prior art computer systems, the P™~™~ te ^ ^5^. w ithin that size restnctlon. 

^ of tha Sh of data ^«^™££l£< ofheTmany data tiansfers occur within 
in other systems, however. ^p«ce«or^n« Keep ^ ^ ^ ,„ mes8 cases. 

a burst Accordingly, it has been <*?°*T*^ JLTdate transfers have taken place. 
LcontioBeris responsible for ^ t ^ 1 ^SSS2 the processor to inform it mat no 

The problem has arisen that the "^^ISTI* burst has terminated. The problem Is 
additional data transfers can be requested at a «rtam poln^r me ^ ^ transfefS . ,„ 

^culariy troublesome when a P^^« ^?Jber orZslers under burst access and cannot 
cases where the processor does not keep ^V" 9 m 7orcblem has heretofore eluded solution, 
handle more man a predetermined numb* ^"^£"£1 of „. number of transfers within a burst 

It would be advantageous to allow a controller © 
and to inform me processor when to ,OT> J^JjSU, * «" buret ^ 3 ^ * 

It would also be advantageous to provides ^^J mmtmimM m± 
transfers automatically, so mat me ^^^T^^™ to allow only certain bits to be 

K would also be advantageous to provide for a mawmg 

, of transfers under the current burst request ^ , n M bur3t mo de. 1 

' ^Smust be made by the processor ^^^^'i a data processing system having a 
accordance with me and a memory. A memory controller Is 

OTCessor capable of initiating a request for a bursl t« ' »™JV . dud8S a Dur5t count register having a 
Sed?me processor and to ^"J^^o^^Sers allowed per burst Also in the 
5 value stored merein representotive d me^mum -er o ^ ^ of a column lateh 
mamory controller is a column me address. Finally, included in me memory 

address. The column SCJJS. in me coiumn latch/counter to be compared to 

controller is a programmable mask for spearymg 
corresponding bits in me burst count register. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

- -.^nn mav be obtained by reference to me accompanying 
« A comptete understanding ^^£?<ZS££** ^ * 

drawings, when taken in junction wfthtt* £*"J^ ft a £ctmnlc counter with carry inputs 

FIGURE 1 is a schematic «presentttonof» ' Qane rated forced carry input crcult 

FIGURE 2 is a simplified schematic *agwn of an JJJ£J£ d irt0 ^ s8Ct ,ons; 
FIGURES 3-5 are schematic ^^^IJ counter wrth carry Inputs; 

FIGURE 13 is a simplified schematic diqck uu»y 



greater detail; and 
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FIGURE 14 b a schematic logic diagram of the comparator logic used for burst mode operation. 
DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to FIGURE 1. the* to shown a schematic T^^^J^^S^ 
with carry inputs, as is typical of counters used in data processing ^^^J^^^^JZ 
and tolWs FIGURE, are ail set to e. The lowest significant bit is shown at the extreme leftmost part of the 

^SrlT^Stt:^^^ i-^ tog* dev*e m 10 
J^to^™^ 

w hi™. tmZnt the state of bit i is selected as Input to the miilfiplexer 10. The output of the devtoio 

SET. the TST^nTgh. me <* bit to input* ,» **. ^^^J^ * £ 

example, bit 3 input to the **. 10 jf"*,^^^^^ t^^^ the output D to 
counter. In other words, when TSTto Wgh then the output D is man. wnw r ai » wffl result 

TL. „ Iow decandlna upon the value of Q. Therefore, if TST a low, then bit 3. when ' 

section are incremented, one bit at a time, starting with the lowest substantially 
ThTlowerf signmcant oils in both tow and Wgh sections of the counter are docked substantially 

^ZS*? EZmlStS* bito of the tow section and the four bit, of the high sectionof 

and all bits in the low section have been tested for proper WW^*™- ooeration. 
Similarly. aU four bits 4-7 of the Wgh section of the counter have been tested fjf^f^^^ 
tonSL. a TST bit has been Introduced to bit 4. ^ "<^^«ntbtt of the Wgh section, 

simutetingacarry ^^^^2^^™^ — - - 
c.u^Src^ one ^ 0-3 of the .o, section and ail 

iTlow section to carry over to the Wgh section naturally (i.e.. not m aforoed manner), resulting 
toggflng to 0 and naturally cairying subsequent bits 5. 8 and 7 to 8 ateo. a™ set to e 

Referring now also to FIGURE 6. there is shown an 11-bit counter. AH bits of the counter are set to ® 

' m Marino now also to FIGURE 7. the 11-ttt counter has been separated into a 6-bit low section and a 5- 

Referring now also to FIGURE 8; the counter has been clocked one more time, resurangtnau uww 
brtJSR, Both low and high sections have been docked one more time resulting in the value shown ,n 

5 RSU R^Lq now also to FIGURE 9. there Is shown both tow and Wgh sections of thecounter after 31 
more^S Tctof At this point ail etoven bite are set to 1. The test bit Is active from the begmmng 

, the S W TsTto^tod. At tWs point the counter to Incremented once more renting m the moat 
£ low section being Varied to the least significant bit ^ 
u !T1 MMtMor in nnw a /alt hits are set to 0). This procedure ensures that the carry operation from me 
CJZZTw sZHt S'ng P^ny that bit 5 .sorted to bit 6 pnopejy^ 

S cTbe £en mat all eleven bite are tested in a total of 65 steps or clock cydes Th« test of the 
a counter is an effective, complete one. including individual toggling fromO to t and homt to 0 per tat as 
weTaa carry operations from all least significant bits to an conespomfing most '"J™ 
ZZTlZx* tested in the course, of 65 clock cydes. rather than the 2* dock steps that were 

conventionally required fa this operation. 
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nlIfTlhB( . of wis can be tested completely if two or more 
» can be seen diet a counter having jj*. be mJM. «^ ^ a counter 

sections are treated in the aforementioned manner. J mmco if one section has n and *e 

sir r r .issrj» - * — — — — 

J«M24 the output of this decode logic 124 is appwo r» ambo diment For DRAMS with 

IS?SJ"** ORAM configurations, rt shou l d *^^f merefore. since there is no need to 
input activated (high) if ^^.^ZZ^b RAS. input « consecutive accesses are to different 
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»» • -l^~4 m and of ewirv access in the normal and bank interleave access 
ORAMs. The register 128 is clocked at the end of every access 

* - S: 22 S - — 132 * — - 

(toramaximum bunt court) In the address bus {A,.^> 100 by the low 

^.J^ r^^^a'S^ S^TMS ce^er 13 4 .s preloaded wtm eH Vs 

CJS:^^ fS ^^T^^ totcb a™ 108 w«h 
The column comparator logic 138 compa^ ttwaarterra ^ m contents of the mask 

those of the burst count register 132. which cortatos Jta and Of bw* 108 and the burst court 

^ ,34 determine which of the eleven bits of the column latch and counter 
register 132 participate hi the comparison. address bus (A,o-o) 100 by the 

^ The configuration register 138 is an "j" fogfe. The configuration register 138 Is 

tovH0 ^ jn edge of the ^^^SSvrTS. aTheSnbetow described. 

If TSTi is set (1) then the cany tothe « /g^J^L ,,„„ tire carry to the lowest significant 
significant bit of the 2-bit counter ^^^^^bH," s*it row counter and the carry to 
blot the 8-bit column counter comes from the ^^f™ ionfflcant at of the 5-bit column counter. 
£ towest significant bit of the ^^SSSSSSt SELlJS 2. coturnn counters is forced 
tf TST. to set <1) then the carry to the to^^^^Sfc^bit of the 5-bit row and column counters 
high. H TSTo is reset (0) ^^^J^^J^S^it of these bits (TST,,) are reset (0) 
comes from the most significant bit of the respective e-wtcounw. 

In the reset mode after power-up. _ , 40 toads the burst count 132. mask 134 and 

horn the address bus (A,,-) andthe °^*^XcSp^k3c is enabled when RL to high. 

« registers on the low^igh edge ofRL power-up reset logic, which 

The first operation of ^^^^^iTSZ toggle 142 *" d *° 

dears the refresh ««f? J 1 ^ 1 *^! SSSS. M«!m — executed simulto- 
burst count 132. ma* 134 JjJjJ^SSScd mm. 1^.0 in the reset mode, 
noously on the inacftve edge of RASI wh Itoto kuns \wa* 100 by the active (tow-tc- 

« Next the configuration regster 138 may be ^jU^ msmr 134 ^ via the address bus 
high) edge of RL The next^edged RL aiao via the address bus 

A, 0 -o 100. The following active edge rt RL ™^ ™ me ^ register 134 and the burst count 

so ZZ !5 Sthe burst count regtoter 132 ^^^^ ttts ^ and the bank refresh 
^ The row refresh counter 114 and "f""**^ ^ZSmiZ ™« can be cleared by 
counter 148 is two bits. All ^^^^^ STrU size of the row and column 
docking them -V-J^J^^** JJrfrde* mputo „ to me low order 

55 21 — « -P— > ■» he,p of a 

multiplexer. four-inDut multiplexer. It selects one of the four 11-bit 
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riaar and dock the reset flip flop 144 ana wsw h 

Smtc compete output , ^ deai/Pretoed end/or Benk Compere Enable signals end the 

signal to activated (1) and the low gomg "J" ^ ^ ^figuration 138. burst court 132 and 

S strobe. ^^rS^^l rS flip flops 144,42 ere cleared and the -Bank 

« Smpa£ *eid «*. WW- Ctear/Praload slgn al is held inactive (0) and the bank Compare 
,n the readMrite mode (MC,.o = 10) J^TSS edge of AASI in this mode generates the bank 
J5.-*- l^^AtTlSK .oadad into *e bank regular 12B and *e 

ScTp^b output is enabled. c|8ariPreto8d ^ is held inactive (0) and the Bank Compare 

„ to me Afresh mode (MO,,) = 0 X) the ^V^J^Z ma mode generates the refresh strobe. In 
n, k.; loins actfvatad (1) and the low gong edge of RASJ ™;V* „ he|d inacUv e (high). 

- n^JTlO is capable of generating Internal ttmlng. toteyjl WJJ • (CAS 1EN). In this mode 

tm. faature Is used for burst mooe oper*u 
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deactivated flow) In the external timing mode. INTCAS follows the CASI input 

<n the read/write Zs the controller latches the row. ^"^^.f^^ 
multiplexes them to the ORAM array under the control of a row address 

S«Sv Generated timing strobes in an auto timing mode or externally generated MSB. and CASI donate 
, TZ ^^T^^ control such multiplexing 

prc^TrefererJ numeral 1 10. The timing option Auto or Externa, m selected via a Timing Mode (TM) 

W ^^K^S. 0,^ by ^ acBve (tow go^ng) edge "™ 

- s^sr^r rr^o^r^ 

oZ.^ch follows either an internally 

mode, the initial row. column and bank addresses are latched an ™~ q Z K att8 ^ „ high speed 
JZated internally by the centre,*,. ^'^^^^Z^^^^ 
without the processor actually 9^«9jf cSeTmiss occurs. 

» by high performance processors to fillip Z^^X^m^i any location in that row 
Second, in the "cache- access ^ °^**Z ^ ™ appears as if it were a cache, 

is accessed only by changing the column ^/J^™*^ Z2F***» mode, the Bank 
since any access within the row can ^j^l^TTI^and tart addresses of consecutive 
***** « "J^fi^SKSSSS S'c^c^acSes match, the -Cache Hit 

a accesses are compared. If the ™ IZTnLrator 110 not to deactivate the RASI. input but 

fCH) signal goes active flow) and informs me timing 9^^"°™ J consecutive accesses do not 
only to toggle the CASI/CASIEN input If the J^«* ^Sr 1l0?deac«vate the RASI input 
match, me -CH signal ^Inactive (hjh) ^^^^^T^^^^ "AS. input is 

30 and bank 126 .etches respectively, saving me new value* ^^^mm^ „ « l0 west 
Third, the controller can ^^^^X^Z^^ 2* — « 
significant bits of me processor address to me ta **^™~^^^„\ rtl , te m adjacent banks, 
bi? in me configuration register 138. Momm ^J^T^ ^ a^counteTonce. A row 

« Hence, me edge of the RASI 

refresh counter 1 14 « ^^^J^^^Z id column address counters are used. In mis 
input When memory "scrubbing ,s P ^±^^ Te^ocation of one row is "scrubbed- (l.e.. a 
case, an four corresponding «*« J» "S^l Lv^n to 'scrubbed- by stepping through me 
read/modify/write cycled is performed). An entire memory array can oe scnrauw. «y w « 

A*,-Ao (Address , ^ | ^»' 3t ^^^ A 7 a ^^ are latched as me column address, and will 
Ena ?!| (A, Sni?lLct , .) are the two highest order address bits when in normal access or bullock 
""ajue (Address latch Bu*u») signal 10* caws tt« ion. latch, (ha column latch and counter 10 ® a"" ** 
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-CS (Chip Select) input b used to enabta ithe «™» read^ mode. 

JS/S S tour modes. When ^esJSS £55* ^ « is inactive the output o« *e 
•OE (Output Enable) ^ enal f^^^Vstanal more than one controller to control ft. 

Ike rwas - — ——>*-"■- — 
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TABLE 1. MODE CONTROL FUNCTION TABLE 

Mode Control Operating Mode 

Setting 



0 0 Refresh Without Scrubbing 

a) RAS Only Refresh: \Refresh cycles are 
performed with only the row counter 
generating addresses. In this mode, 
all four *RAS^ outputs are active 
while the four *CAS i signals are held 
inactive. 



b) CAS Before RAS Refresh: Refresh 

address is generated internally by the 
DRAMs. In this mode, all four *CAS i 
outputs are active followed by all 
four *RAS^ outputs going active. 

0 . 1 Refresh with Scrubbing/Initialize 
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This mode may be used only in systems 
with EDC capability- In this mode, 
refresh cycles are performed with both 
the row and column counters generating 
the addresses. MSEL is used to select 
between the row and column addresses. 
All four *RASi signals go active in 
response to IMX. while only one *CM 1 
output goes active in response to 
CAS!. *CAS l output is decoded from 
the bank counter. This mode is also 
^ed to initialize -the memory by 
writing a known data pattern and 
corresponding check bits. 



cad/Write 



This mode is used to perform 
read/write operations. The row 
address is taken from the row latch 
aad the column address is taken from 
the column latch counter. Sel lf0 are 
decoded to determine which and 
*Case i will be active. 



Reset 
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This mode is used to clear the refresh 
counter, the reset: and toggle flip 
flops, and preload the burst count 
register, the mask register and the 
configuration register. The above 
operations are performed on the 
high-to-low transition of BASI. In 
this mode, all four ***S L outputs are 
driven active (low) in response to 
a RASI going active (high) so that 
dram wake-up cycles may be performed. 

» «*> (Un the DRAM address inputs The drivers on these lines are 
Q 1M (Address Outputs 122 drive the DHAM aoares 
specified at SX) pFcapacitrve toad. . During normal memory cycles, one of ^ 

=S ^rjr^l^ " t-- - PF cape^ M and Have 
3 putt-up resistors on them to avoid accidental parting Enabte) is a dual function 

cSuCAStEN (Cotumn Address '^^^^^S input acts as CAS,, to the 
input In the external liming mode (TM l- in the configuration reg. 

auto timing mode (TM ■ 0) » acts as CASE* str.be signal ONTCAS) follows ^» CASI 

>n the externa. ^^J^*^^,^ Column Address Strobe (TGCAS) is generated from 
inout In the auto timing mode the Timing aeneranjr wuu. 

SSaSI input and is gated w«h the ^^^SX internally decoded "OA* 
When used as CASI with the tank s ^ M ^ a ^ C AS^es^ve. When used as CASI with the 
T&X&ltttt^tt** ° -d tow deponing on the 
externally decoded "CASENi byte topins after CASI goes artve decoded -CAS, output Is 

When used as CASIEN with *^^iK3SSS^^ 
forced tow. if both the internally generated TGCAS and^*e CAS EN age ^ ^ ^ Qf 

•CASo-o (Column ^.^^w^^^.^ ^ scheme or when selected 
the dynamic memory. Each W.H go active when ejected ^ ^ goes active in the 

by "CASENj. "CASEMa. "CASENt, ^ASENo *JjbJ«JI *i auto timing mode. All the outputs are 

^T^Tc^ 

^ASE*. (Column Addre* Shobe *«b ? ~> - J- t^neT^ JSK 

the external byte decode circuit . ^..-i function inout applied to an RL/CC decoder 188. The 

RUCC (Register Load/Column Clock) is a dud funrton ,nput app reS8t mode, 

function depends on the Mode Control inputs (MC„). tf MCi, 0 - 1 ■ the con 
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. . _ ,„ u, 0 .-an signal. If MC,- = 1 0. the controller is in the read/write mode and this 

^/S When used « register toad, the towte-hlgh edge of this signal toads 

burTcTt ^Sor the mask register 134 or the configuration "rf^^" 
fOD Theburst count register 132 indicates the number of memory accesses permitted In 
S^T^moiTfranster Tie mask register 134 indicates which bits of the burst court 
Sir 132 XZ * t*S- address compare in the burst or btodc mode of 
S«S natter 138 indicates the different configuration selected. When used as column eta*, the 
^^edM^ftte siaSSments the column counter, the output of which goes to 0,,-c 122 v.a 

as the terminal court. . M aHher ^ Compare signal » 

h all other modes «-* MC,^ [0 0J [10] and l njjw «J« activa.Oow) when the current 

stjkst r arrg = sis 

previous access. This signal is used by the ^^^^^adJe <£h) when the refresh counter 
C HAS. signal to remain ^^^^^SSSSS£ «* ORAM tf. (84K. 2S8K. 
has gone through an ORAM conf^ra^ is programmable via the 

1M or 4M) and number of ORAM b ^£^ to, signal is used to Indicate the end of 

RAS/CAS configuration bit of the configur^on ^ ™ wttatatton is writing a known data pattern 
initialization in an error detection and ^J^^l'Sl memory is used, 
with aconespondmg check bit pattern Into ^ of data transfer, tt indicates to the 

EBM (End Burst/Dock Mode) is used only In ^"^^^ or btock mode because of 
processor that the control cannot perform any row addmss is required 

ZTJSZ rJSKSSSSR US * - burs, court register 138 have 

^tSiock access mode is - 

using a cache memory, in this access mode the ^ ^est. the processor expects 

This type of operation frees ^^^J^TTsame raw on the ORAM and hence the row 
memory locations are accessed, most of ^™J^™JZxL**l for consecutive memory 
address need not be changed. 04 ^™ "address strobe need not be 

SZS^Z&ZZZtt — * *ne. which is on *e e*er o, 

the ORAM access time. This in turn, allows faster access ihmes. differently. 
An alternate embodiment of burst ***** ^^^^anTaUows only a fixed number of 
, The controiler keeps track of the ^^g^^Jt mask register are used on the 

ss rtssr^ss^E £- - >— when me 

^SSSnitf « access mode — ^^^J^lSE 
s ^st and the rTTS^^^ ^^^^ "» " ^ 

e toggled. This procedure is repeated ^ «£^£* h m mode of access the "RASt output is held 
The controller also supports cache ^adTrtv by changing the column address, thereby making 

wr^frrar =: zszz* be made - «, — . * » 
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W access mo* ^-^^S 

Sate me RASI input but on* *^J*^«5 top* ^ ^ ^ ^ to 
consecutive accesses ^^^ToS U has gone torough a pr*^ 
deactivate the RASI ^«i**. a rTtow^Srfge loads the row and bank registers with the contents 
When the RASI input is ^"^^Z^l^Z values for the next comparison. 
^ mw and bank latches respectively, sawing the new vaiww « AL p raSi, •RASu and 

* ** ? «T " r^^ thTcT^Stt- address is latched 
•CH(row compare signal). At point A . marta* In and. if a comparison with the 

and fte RASI signal goes high, ^nt B the ne^^re« ti me and then goes Ngh 

lavious row address is unsuccessful, the ^J^^JJ^J latched in and. In this case, if the 
JHSssing the row address. At point C. * successful 0*. both row 

Sr^between the pre*nt row ^wfi'S-tSKSS 

tow as a requirement of the ORAM that k ^ the circuitry in FIGURE 11 that* 

Refentog now also to FIGURE 13 them is ^?™SSdinly during tesong but before shipment 

to a customer. The conflguratton re^J^ JT ft ^rtioiexer 200 Is described in connection wrth the 
France numeral 10 in FISURE 2). Operetta <J to multiplexer 200 and in 

description of FIGURE 2 116. » shown in FIGURE 5,1 

combination form the row refresh counter 114 aw i co between the S-bit and the frbit 

The counters 114. 118 are shown n6 feappHed to the address muttiplexer 118 and. 

□onto of an 11-bit tester. The output of the "g to me ORAM, as described in greater 

of the buffer 120. to B^eaddress toUt to me DRAMs during tasting 

detail hereinabove. It should be noted that address _ itoeizz "T' week 114. 118. which 

HGURE13 i, shown for simplici* J S ^SuT^s ac^P^d to another of the input tores* 
induces a multiplexer 2D0 and a S-fart and a ^^^'^^ , 14K buses are applied to the 

togic 138. as first shown in FIGURE 11. A phrraBty of ^"J"^, ignaL That is. each signal is 
S bit basis a column £ ^ ^Tbe^n^Two^ are compared at a time, 
applied to each logic device 210-230 fc^^^^SSunter register is shown at reference 
. hTtinVexampla. a*ven ^^Z^^^Z^^^ "■*«» 132. The output of the 
numeral 108 (FIGURE 11) and the burst count register * ' 

SS. gates 210-230 is an ^f^^ r ^X ^^cessor. The mask register bits are 
The mask register 134 has values loaded for each W bythe pre ^ QR ^ ^ 

ORed on a bit by ttt-basls with me intsnnedrate 254, resuittng in a Comparator Output 

« 2S2. The resulting bit sign* are apptaed to « "J^J ^ ^ unmaS ked portion of the column 

W *! B^lSwode (EDM) s ^ 9 "™^JnC WteST»*^^ « Sge'te 

so the 11-input AND gate 254 or the DRAM page boumtoy £ «!—■■ informed that no more data 
been reached in the DRAM. In erther case, me ^ is automatic at mis point due to 

can be transferred within mat *^J^X2 * burst has been terminated. From this 

me fact mat me previous date whtch tamed > • »^ X.Shu« will be the total maximum number 
poirt on. all bursts are aligned. The number of accesses ui the next ou 

ss of transfers per burst navicular operating requirements and environments 

Since other modifications and changes vaned to « P^^^^irnJfed to the example chosen for 
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the true spirit and scope of this invention. 



Claims 



1 in a data processing system comprising a processor capable of initiating a request for a burst of data 
JH^TSSS!. Movement comprising a memory control openly connected to sard 

^ a ^ceT^ 

^ jSTSunter having stored therein the vaiue representative of a coiumn iatch address 

-T.tS2^?^ • * - — — r * * — - 10 

^1S3S Sance with cieim 1 wherein said memory comprises a dynam* 
^T^S* system in accordance** «. 1 wherjn^d processor is incapabfc of 

so that only fuU burst lengths are s^*^^^, ^ , said bits hi said column 

SSft SSi^^. ^stor by mea. of comparator 

^ SMSTTJarrSTaaa Programmable mas, . 
^rr^t^consecudve burst accesses m a data processing system having a processor 

and a memory, the steps compn^ng: ^eentative of the maximum number of data transfers 

a) loading a burst count register with a value represemanw u. 

permitted in a data transfer buret ^ „ mmconfcltlm Qf a memorv address to be accessed; 

„*u*rt mica*, of » M of bv* rf» «u am*m ■** W* ■ **• 
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